Abstract-Reliability allocation is a significant part of reliability design. There are a number of factors that affect the reliability. A new method of reliability allocation is proposed based on the fuzzy theory and AHP method. The core of this method is to introduce the improved AHP method to determine the weight of factors, and the Fuzzy evaluation allocation method is used for comprehensive evaluation. Finally, an engineering example is given to illustrate its application and its simplicity and effectiveness.
I. INTRODUCTION
Reliability allocation is essentially an engineering decision process, which is a comprehensive measure of optimization and an important component step of system reliability design. Considering the reliability index specified in the task book, reliability allocation is assigned to the subsystems and components from top to bottom according to certain rules [1, 2] .
For reliability allocation problem of complex systems, it is difficult to assign the reliability accurately and scientifically using conventional allocation techniques. At present, common reliability allocation methods include fuzzy evaluation allocation method, AHP and so on [3, 4] .The comment set is often fuzzy when the relationship of the distribution target and the reliability influence factor is established, so fuzzy evaluation allocation method should be adopted. The index weight is very important using the fuzzy evaluation allocation method. The weight of fuzzy evaluation allocation method given by experts, is inevitably subjective [5] .AHP, a combination of quantitative and qualitative, can reduce shortcomings caused by personal subjective assumptions and make the evaluation results more credible [6] .
According to the membership degree theory of fuzzy mathematics, a multistage fuzzy evaluation assignment method [7] transforms qualitative evaluation into quantitative evaluation. Fuzzy mathematics is used to make a quantitative evaluation of various systems restricted by numerous factors, and then to determine the relative proportion of reliability between subsystems. In determining the weight of influencing factors, experts directly score according to the scoring rules, which are subjective and blind, and lack of corresponding reference [8] .
Considering the inefficiencies above, this paper puts forward an improved multi-level fuzzy evaluation allocation method. The core of this method is to introduce the improved AHP method to determine the weight of factors, and the Fuzzy evaluation allocation method is used for comprehensive evaluation. The new method is applied to the allocation of the reliability index of aircraft engines.
II. THE MULTISTAGE FUZZY EVALUATION ASSIGNMENT METHOD A. The Establishment of Factors Affecting Reliability
For the reliability allocation of complex systems, the multilevel fuzzy comprehensive evaluation allocation method [9] takes into account the fuzziness of the influencing factors, and the different levels of the influencing factors. T h e r e a r e a n u m b e r o f f a c t o r s a f f e c t i n g t h e r e l i a b i l i t y o f complex systems, such as technical level, complexity, importance, working hours, working environment, cost, weight, size, etc. The influence degree of each factor on the system is different. According to principle of objectivity, scientificity, integrity and validity, the influence factors are divided into layers. Therefore, the first level factor set U (i=1,2, ,n) consist of n subset of factors. Therefore, the first level factor set U consists of n factor subsets. The second factor subset also contains m factors.
The number of subsets of each factor can be different, but conditions must be met.
B. Establishment of Factor Evaluation Set and Corresponding Value Set.
According to the actual situation and reliability requirements of the distribution object, a factor evaluation grade set is established. Size, length and quality of the elements in factor sets can be expressed by "lower, low, general, high, higher" or "worse, bad, general, good, better" and so on. The m evaluation levels for the subset of factors are shown in table 1. The set of States is the factor evaluation level set . 
c represents the relative value of the reliability assigned by the m level. The higher the value of c , the higher the degree of resistance is assigned to it.
C. The Establishment of Factors Affecting Reliability.
Weights represent the influence of various factors on the system reliability level .The weight reflects the position and function of each factor in the comprehensive decision, and directly influences the result of decision. W is the weight of factor set U of unit k. W is the weight of factor subset U of unit k.
The factor subset weight set W is:
i indicates the number of factor subset. The expert scoring method is usually used to determine the weight. As shown in table 2, a denotes estimated value of the j-th factor of the k-th unit by expert s. weight W of factor set is obtained by taking average of h estimated value of each factor and then normalizing the average. a denotes estimated value of the l-th factor of the j-th factor set of the k-th unit by the s-th expert. weight W of factor subset is obtained by taking average of h estimated value of each factor and then normalizing the average.
When normalizing, conditions must be met: 
D. Multilevel Fuzzy Evaluation Model
The comprehensive evaluation model is divided based on the level of influence reliability factors. If the influence factors are all at the same level, they are called one stage comprehensive evaluation. According to the method of factor hierarchy dividing, the hierarchical fuzzy evaluation model is divided into two levels. The first level synthetic evaluation reflects the correlation between the factor subset and the reliability assignment object. The secondary level synthetic evaluation reflects the correlation between the factor set and the reliability assignment object.
(1) The first level fuzzy evaluation
The expert evaluates each factor in the factor subset and then integrates all the factors in the subset.r represents the evaluation of the j-th factor u of the of the i-th factor subset. Subordinated to the m-th level v in the evaluation level the membership value of the evaluation object is r ( i= 1,2, , n; j = 1,2, , s; m = 1,2, , p).The evaluation matrix R of the k-th element of the k-th unit is established.
According to table 3 and the influence factors connotation, a number of experts compare each evaluation object to to get the evaluation matrix . The expert makes a binary judgment that belongs to or does not belong to p levels and draws " " on the corresponding space. The number of " " in each box is counted and divided by the number of experts. The evaluation matrix is constructed in the order shown in table 3. The fuzzy evaluation set of the ith factor subset and the kth component obtained by the fuzzy transformation:
In the formula, the symbol " " is a fuzzy operator. In order to retain all the useful information as much as possible, the real
Advances in Engineering, volume 87
number of addition and multiplication M( ,+) is used to calculate:
Matrix R is made up of of elements of b :
R is the grade comprehensive evaluation matrix, that is, the first level fuzzy evaluation matrix. The matrix B can be used as a single factor matrix for two-level fuzzy evaluation. Two-level fuzzy evaluation set:
The secondary level fuzzy evaluation
The comprehensive evaluation score of the system could be obtained by multiplying The comprehensive evaluation matrix B with the evaluation score set C.
= (12)
E. System Reliability Index Assignment Most mechanical systems are connected in series. When any part of the system fails, it will cause the whole system to fail. Assuming that the series system consists of k components and the reliability index value is R [10] . The above mentioned multi-level fuzzy comprehensive evaluation of k components is carried out to obtain the comprehensive evaluation score d of the corresponding parts. The reliability of K parts is R :
III. THE WEIGHT OF FACTORS DETERMINED BY HIERARCHICAL DISTRIBUTION METHOD In the expert scoring method, whether the expert scores the factor directly according to the scoring rule or the fuzzy number introduced in the score has certain subjectivity and blindness, and lacks the mutual reference between the factor and the factor.
The weight vector is determined using an improved analytic hierarchy process [11, 12] .The method overcomes the strong subjectivity of expert direct scoring method, lack of mutual comparison, uncertainty in ranking process of general scale importance and the complexity consistency test. This method is simple and clear. The concrete steps are as follows:
(1)Using the three scale method to establish complementary fuzzy judgment matrix F:
A represents the corresponding index of line i, B represents the corresponding index of column j, and n represents the number of elements in the criterion layer.
(2)The fuzzy judgment matrix F is transformed into fuzzy consistent judgment matrix Q. q = f is given to Sum the data in lines and the transformation formula is used to obtain Q.
The fuzzy consistency judgment matrix is obtained:
The weighting vector using sum and normalization method. The sum of the elements of each row (excluding identity comparison) of the fuzzy consistent matrix Q= (q ) × and the sum of the elements of the fuzzy consistent matrix Q = (q ) × without diagonal elements are as follows:
Since l indicates the importance of the index i relative to the upper level target, the weights of each index can be obtained by normalization of l .
Weights of factor set are obtained:
Similarly, weights of factor subset are obtained:
IV. CASE STUDY With hundreds of thousands of parts inside, aero engine is a complex system of integrative technique of mechanics-electronic-hydraulics. In an aero-engine system, the host system works most [12, 13] . According to the functional principle, the main system of an aero-engine is composed of an air inlet, a compressor, a combustor, a turbine and an exhaust nozzle. In the initial stage of reliability design, the reliability of the system assigned to the engine host = 0.906.The method mentioned above is used to assign the reliability to individual components.
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A. The Establishment of Factors Affecting Reliability
The reliability factor set is set up for aircraft engine host system, as shown in table 4. The factor evaluation set of aero engine is established as shown in Table 5   TABLE V. INFLUENCE FACTORS Each level is given a corresponding score. The technical level "higher" which refers to the maturity of technology is recorded as "16(2 )"."The technical level "high" is recorded as " 8(2 ) ". The technical level "general" is recorded as "4(2 )".The technical level "low" is recorded as "2(2 )"".The technical level "lower" is recorded as "1(2 )". Corresponding to the factor level set, the value set C is: 2,4,8,16) 
B. Establishment of Weight Set
According to the precedence relation between the hierarchical structure model and the three scaling method, the influence of each factor of the criterion layer on the overall reliability allocation is compared. According to the expert evaluation results, the reliability relation of each component of the aero-engine main system is sorted out. By the Eq. (15), the fuzzy judgment matrix of Table 6 can be transformed into fuzzy consistent matrix:
According to the data in table 6, the sum of the rows is obtained:
By the Eq. (15), the fuzzy judgment matrix of Table 6 can be transformed into fuzzy consistent matrix: The factors set weights and factor subset weights of the compressor, combustion chamber, turbine and exhaust nozzle are obtained by repeating the above methods, as shown in table 7. According to table 8, the factor matrix of air inlet is obtained. Corresponding to the membership degree of each evaluation level, the factor set U constitutes the evaluation matrix R . Similarly, R , R and R are obtained. Using the same method, the other parts of the host system, compressors, combustion chambers, turbines and nozzles are evaluated by experts, and then the first level synthetic evaluation matrix R R , R , R are obtained.
D. The Secondary Level Synthetic Judgment
The secondary level fuzzy comprehensive evaluation is based on the first level evaluation, and uses the Eq. (11) to get the second class evaluation set of the five components of the host system. 
E. The Index Allocation of System Reliability
The reliability index of aero-engine main engine system is assigned. When the reliability of the host system is R = 0.906, according to Eq.(13), the reliability of each part is : For the reliability allocation of complex mechanical system, not only the influence of various factors but also the hierarchy and fuzziness of the factors should be taken into account. The improved AHP was introduced to determine the weights of factors. The fuzzy evaluation method is used to synthetically evaluate the subset of factors. Combining qualitative and quantitative methods, the allocation model of aero-engine host system is established. The proposed method is suitable for engineering application at early stage of reliability design.
